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1.  Introduction/Background 


This  experiment  was  set  up  using  the  IMPAC  66  HVA  shock-testing  machine,  which  uses  a  33- 
lb  anvil  and  a  bungee  cord  to  induce  a  very  sudden  change  in  momentum.  As  seen  in  figures  1 
and  2,  the  bungee  cord  is  fastened  to  the  anvil  and  then  raised  above  the  ground  by  a  control 
mechanism  that  moves  the  drop  table.  After  the  table  and  anvil  reach  their  specified  height,  the 
brakes  on  the  anvil  engage  to  hold  it  in  place  while  the  table  is  lowered.  The  brakes  are  then 
released,  and  the  anvil  thrusts  downward  toward  the  drop  table,  which  is  on  top  of  a  reaction 
mass  supported  by  a  hydro-pneumatic  suspension  system.  The  table,  reaction  mass,  and  hydro¬ 
pneumatic  system  react  in  a  way  so  no  equipment  is  damaged.  The  maximum  height  the  anvil 
can  be  raised  is  80  in  above  the  drop  table  when  the  table  is  on  the  ground.  The  impact  causes  a 
large  change  in  momentum,  which  can  be  dampened  by  placing  more  padding  on  the  drop  table. 
When  the  anvil  hits  the  table,  the  change  in  acceleration  is  picked  up  by  an  accelerometer  and 
displayed  in  an  oscilloscope.*  The  procedure  for  using  the  IMPAC  66  HVA  shock  table  can  be 
seen  in  table  1. 

The  purpose  of  this  experiment  is  to  create  an  acceleration  pattern  that  will  be  very  similar  to  an 
air  gun  launch.  Three  theoretical  models  of  the  acceleration  pattern  created  in  an  air  gun  can  be 
seen  in  figure  3.  The  notable  aspects  of  this  graph  are  the  peak  acceleration  near  9000  g’s  and 
the  duration  of  the  shock,  which  is  approximately  4-6  ms. 

Prior  to  this  experiment,  a  thick  felt  was  used  as  padding  for  the  anvil.  This  was  a  very  durable 
material,  which  was  used  to  produce  the  maximum  acceleration  that  would  be  encountered  in  a 
gun  launch.  However,  the  material  needed  to  be  shocked  two  or  three  times  to  produce 
consistent  results.!  This  is  because  when  the  felt  is  new,  it  has  no  permanent  deformations  or 
markings  that  will  occur  after  a  few  shock  tests.  While  the  felt  was  good  for  producing  a  high 
maximum  acceleration,  its  shock  duration  was  only  a  few  hundred  microseconds.  This  occurs 
because  after  conditioning,  the  felt  has  very  little  room  to  compress.  If  the  material  has  less 
room  for  compression,  a  higher  acceleration  occurs  in  a  shorter  period  of  time  to  bring  the  anvil 
to  a  stop.  The  cardboard  was  chosen  because  it  is  a  cheap  and  easily  available  material  that  has 
more  space  to  compress  than  the  felt.  The  empty  space  means  that  it  would  be  necessary  to  use 
more  cardboard  than  felt  to  stop  the  motion  of  the  anvil.  The  relative  thicknesses  of  the 
cardboard  with  respect  to  the  anvil  can  be  seen  in  figures  4  and  5.  Because  of  the  increase  of 
overall  thickness  and  empty  space  in  the  material,  it  was  hypothesized  that  if  the  anvil  was  raised 


Peregino,  P.  J.,  II;  Bukowski,  E.  Development  and  Evaluation  of  a  Surface-Mount,  High-G  Accelerometer,  ARL-TR-3331; 
U.S.  Army  Research  Laboratory:  Aberdeen,  MD,  September  2004. 

^Childers,  M.  A.  Evaluation  of  the  IMPAC66  Shock  Test  Machine,  Serial  No.  118,  ARL-TR-2840 ;  U.S.  Army  Research 
Laboratory:  Aberdeen,  MD,  October  2002. 
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to  the  same  height  as  with  the  felt  padding,  it  would  allow  longer  shock  duration  with  a  lower 
peak. 


Figure  1.  IMP  AC  66  HVA  shock  table. 
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Figure  2.  Anvil  in  raised  position  for  experimental  setup  used  in  run  1,  baseline  padding. 
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Figure  3.  Theoretical  acceleration  graph  from  air  gun  launch. 


Figure  4.  Setup  for  run  2,  six  thin  pieces  of  cardboard. 
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Figure  5.  Setup  for  run  4,  one  thick  piece  and  one  thin  piece  of  cardboard. 


2.  Experimental  Setup 


To  perform  the  shock  tests  a  variety  of  equipment  was  used,  as  follows: 

•  Infiniium  oscilloscope  (model  54825A) 

•  IMPAC  66  HVA  shock  testing  machine 

•  PCB  Piezotronics  accelerometer  (model  350B23) 

•  20  thick  pieces  of  cardboard  (~1 .17-in-thick  for  each  piece) 

•  Three  1/8 -in  pieces  of  felt 

•  One  1/4-in  piece  of  felt 

•  35  thin  pieces  of  cardboard  (~0. 1 55-in-thick  for  each  piece) 

•  Duct  tape 
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Table  1.  Procedure  for  IMP  AC  HVA  66  shock  table  use. 


Step  No. 

Action  Taken 

Comments 

1 

Remove  the  bungee  cord  from  guides  on  the 
anvil. 

Ear  and  eye  protection  should  be  worn  at  all 
times. 

2 

Lift  the  anvil  by  hand,  place  the  padding  on  the 
drop  table,  and  tape  down  the  padding. 

One  person  held  the  anvil  while  another 
person  put  the  padding  down. 

3 

Place  the  anvil  on  top  of  the  padding,  and  put  the 
bungee  cord  back  on  the  guides  of  the  anvil. 

— 

4 

Raise  the  table  and  anvil  to  desired  height. 

This  experiment  set  the  maximum  height  at 

80  in. 

5 

Apply  brakes  to  hold  the  anvil  in  place. 

— 

6 

Lower  the  drop  table. 

— 

7 

Set  oscilloscope  to  record  a  single  sweep. 

The  oscilloscope  was  set  to  have  500  ps  per 
division  and  2  V  per  division. 

8 

Release  brakes,  dropping  the  anvil. 

— 

9 

Record  the  data  on  the  oscilloscope  using 
photographs  and  floppy  disk. 

The  data  were  taken  from  the  oscilloscope  and 
put  into  MATLAB  for  analysis. 

3.  Experiment/Calculations 


Conservation  of  energy  is  the  foundation  upon  which  this  experiment  is  made.  Energy  is 
conserved  during  the  experiment  so  that  the  work  used  to  raise  the  anvil  above  the  table  is  the 
maximum  energy  that  the  system  can  have.  When  the  anvil  is  raised  above  the  table,  it  has  two 
types  of  potential  energy — gravitational  energy  from  raising  the  anvil  (PEgi)  and  elastic  energy 
from  the  bungee  cord  (PEei).  When  the  anvil  is  released  and  just  about  to  hit  the  table,  it  has 
kinetic  energy  (KEo)  and  some  elastic  potential  energy  (PEe2).  Therefore,  the  value  of  the  total 
elastic  potential  energy  depends  upon  the  difference  between  the  starting  (xO  and  ending  (xt) 
elongation  of  the  bungee  cord. 


PEgl  +  PEel  —  Total  E . 


PEgi  +  PE  el  —  PEe2  +  KE2. 


mgh+  ~^k(x  1  —  x2)  =  jm(ry)2  .Acceleration  — 


Voltage 
0.000444 V/g 


(1) 

(2) 

(3) 


If  it  is  assumed  that  all  potential  energy  is  converted  to  kinetic  energy  and  neglecting  loss  due  to 
friction,  the  more  potential  energy  that  is  put  into  the  system,  the  faster  the  anvil  will  be  moving 
right  before  impact.  If  the  anvil  is  moving  faster,  it  will  have  a  much  higher  level  of  acceleration 
before  coming  to  rest,  depending  upon  the  type  of  padding  on  the  table  surface. 
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Fifteen  different  shock  tests  were  performed,  each  having  a  different  amount  and  type  of 
padding.  However,  there  was  always  a  1/8-in  piece  of  felt  used  for  padding  so  that  there  was  a 
baseline  for  the  experimental  data.  The  different  configurations  led  to  different  amounts  of 
acceleration  recorded  on  the  anvil.  The  changes  in  acceleration  were  picked  up  by  an 
accelerometer  on  the  shock  table.  The  scale  factor  of  the  particular  accelerometer  used  was 
0.444  mV/g.  To  make  the  change  from  voltage  to  acceleration,  the  following  equation  is  used: 


Acceleration  — 


Voltage 
0.000444  V/g 


(4) 


4.  Results  and  Discussion 


4.1  Results 

The  individual  configurations  for  padding  and  the  maximum  acceleration  obtained  from  each 
trial  can  be  found  in  table  2.  The  acceleration  versus  time  graphs  can  also  be  found  in  the  table. 

The  maximum  peak  duration  in  table  2  was  obtained  by  using  a  MATLAB  program  to  extract  the 
duration  of  time  that  the  highest  peak  was  above  1000  g’s.  This  was  used  for  all  trials  except  for 
no.  15  because  the  maximum  acceleration  for  trial  15  was  much  smaller  than  the  other  trials  and 
would  only  account  for  approximately  two-thirds  of  the  peak.  Since  the  minimum  trigger 
acceleration  was  never  more  than  one-sixth  of  the  maximum  acceleration  for  trials  1-14,  the 
minimum  acceleration  for  trial  15  was  lowered  to  500  g’s. 

After  these  data  were  collected,  a  dual-axis  scatter  plot  was  made  to  compare  the  maximum 
acceleration  and  maximum  peak  duration  versus  the  total  thickness  of  padding  used  on  the  table. 
The  graph  in  figure  6  shows  that  less  padding  will  lead  to  a  larger  max  acceleration  and  smaller 
peak  duration,  and  more  padding  will  lead  to  a  smaller  maximum  acceleration  and  larger  peak 
duration.  This  trend  does  have  some  variation  based  on  the  type  of  padding  used  and  the 
orientation  of  the  padding;  but  overall,  the  pattern  holds  true. 
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Table  2.  Maximum  accelerations  achieved. 


Trial 

No. 

Padding 

Total  Thickness 
of  Padding 
(in) 

Max 

Voltage 

(V) 

Equivalent  Maximum 
Acceleration 

(g’s) 

Maximum 
Peak  Duration 

(ms) 

1 

1/8-in  felt  fabric 

0.125 

12.1 

“27,300 

180 

2 

1/8-in  felt  fabric 

6  thin  cardboard 

1.055 

5.41 

12,200 

330 

3 

1/8 -in  felt  fabric 

1  thick  cardboard 

1.295 

7.27 

16,400 

270 

4 

1/8-in  felt  fabric 

1  thin  cardboard 

1  thick  cardboard 

1.45 

6.55 

14,800 

295 

5 

1/8-in  felt  fabric 

12  thin  cardboard 

1.985 

2.54 

5,700 

485 

6 

1/8-in  felt  fabric 

3  thick  cardboard 

3.635 

2.09 

4,700 

520 

7 

1/8-in  felt  fabric 

2  thin  cardboard 

1  1/4-in  felt  fabric 

2  thin  cardboard 

0.995 

4.16 

9,400 

395 

8 

1/8-in  felt  fabric 

1  thick  cardboard 

1  1/4-in  felt  fabric 

1  thick  cardboard 

2.715 

2.46 

5,500 

615 

9 

1/8-in  felt  fabric 

1  1/8 -in  felt  fabric 

4  thin  cardboard 

1  1/8-in  felt  fabric 

0.995 

4.28 

9,600 

390 

10 

1/8-in  felt  fabric 

1  1/8 -in  felt  fabric 

1  thick  cardboard 

1  1/8-in  felt  fabric 

1.545 

3.99 

9,000 

365 

11 

1/8-in  felt  fabric 

1  1/4-in  felt  fabric 

4  thin  cardboard 

0.995 

4.47 

10,000 

385 

12 

1/8-in  felt  fabric 

1  1/4-in  felt  fabric 

1  thick  cardboard 

1.545 

3.81 

8,600 

390 

13 

1/8-in  felt  fabric 

4  thin  cardboard 

1  1/4-in  felt  fabric 

0.995 

4.64 

10,400 

355 

14 

1/8-in  felt  fabric 

1  thick  cardboard 

1  1/4-in  felt  fabric 

1.545 

3.88 

8,700 

385 

15 

1/8-in  felt  fabric 

4  thick  cardboard 

4.805 

1.28 

2,900 

820 

“The  oscilloscope  was  unable  to  capture  the  true  value  of  the  maximum  acceleration  because  the  range  was  not  large  enough. 


8 


Total  Padding  vs  Acceleration  and  Max  Peak 

Duration 
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Figure  6.  Total  thickness  of  padding  vs.  maximum  peak  acceleration  and  maximum  peak  duration. 

4.2  Graphs 

Figures  7-23  are  graphs  created  from  the  output  voltage  of  the  accelerometer  on  the  anvil  versus 
time.  All  configurations  for  padding  are  labeled  from  bottom  to  top.  The  first  piece  of  padding 
in  the  comment  is  closest  to  the  base  of  the  platform,  and  the  last  piece  of  padding  is  on  the  top 
of  the  stack.  We  were  not  able  to  collect  an  accurate  representation  of  data  from  the  baseline 
trial  because  the  oscilloscope  range  was  not  large  enough  to  capture  the  maximum  acceleration 
of  the  trial. 
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Figure  8.  Trial  2:  Six  thin  pieces  of  cardboard. 
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Figure  9.  Trial  3:  One  thick  piece  of  cardboard. 


Figure  10.  Trial  4:  One  thick  and  one  thin  piece  of  cardboard. 
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Run  5,  12  Thin  Cardboard 


Figure  11.  Trial  5:  Sample  of  12  thin  pieces  of  cardboard. 


Run  6.  3  Thick  Cardboard 


Figure  12.  Trial  6:  Three  thick  pieces  of  cardboard. 
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Figure  13.  Trial  7:  Two  thin  pieces  of  cardboard,  1  1/4-in  fabric,  and  two  thin  pieces  of  cardboard. 


Figure  14.  Trial  8:  One  thick  piece  of  cardboard,  1  1/4-in  fabric,  and  one  thick  piece  of  cardboard. 
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Figure  15.  Trial  9:  One  1/8-in  fabric,  four  thin  cardboard  pieces,  and  one  1/8-in  fabric. 


Figure  16.  Trial  10:  One  1/8-in  fabric,  one  thick  piece  of  cardboard,  and  one  1/8-in  fabric. 


14 


Figure  17.  Trial  11:  One  1  1/4-in  fabric  and  four  thin  pieces  of  cardboard. 


Figure  18.  Trial  12:  One  1  1/4-in  fabric  and  one  thick  piece  of  cardboard. 
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Figure  19.  Trial  13:  Four  thin  cardboard  pieces  and  1  1 /4-in  fabric. 


Figure  20.  Trial  14:  One  thick  cardboard  piece  and  1  1/4-in  fabric. 
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Run  15,  4  Thick  Cardboard 
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Figure  21.  Trial  15:  Four  thick  cardboard  pieces. 
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Run  1.  Baseline  Padding 
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Figure  22.  Trials  1-6  with  the  same  scale. 
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Run  7.  Thin  Felt  Sandwich 


Run  8,  Thick  Felt  Sandwich 


Run  9,  Thin  Cardboard  Sandwich 


Time(ms) 

Run  10.  Thick  Cardboard  Sandwich 
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Figure  23.  Trials  7-15  with  the  same  scale. 

Typical  accelerations  experienced  by  projectiles  during  launch  will  have  a  peak  value  in  the 
range  of  10,000-15,000  g’s  executed  over  a  few  milliseconds.  The  greatest  challenge  of  the 
shock  table  test  is  prolonging  the  shock  duration. 

The  trials  with  the  least  padding,  trials  2  and  3,  have  a  maximum  acceleration  from  12,200  to 
16,400  g’s,  which  is  close  to  the  acceleration  that  a  projectile  will  experience  upon  launch. 
However,  due  to  the  erratic  behavior  of  the  acceleration  during  impact,  this  is  not  an  accurate 
simulation  of  the  change  in  acceleration  during  a  typical  launch. 
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The  shock  tests  that  brought  about  a  high  acceleration  also  produced  a  phenomenon  where  there 
is  a  brief  oscillation  of  a  high  shock  value  after  the  initial  peak.  This  phenomenon,  referred  to  as 
ringing,  does  not  help  in  creating  a  shock  test  that  resembles  a  projectile  launch.  As  seen  in  the 
graphs,  this  phenomenon  only  appears  in  the  trials  that  have  less  padding  and  makes  it  seem 
more  desirable  to  use  more  padding  when  conducting  a  shock  test  to  achieve  gun  launch 
acceleration  patterns. 

The  trials  with  the  heaviest  padding,  trials  5  and  6,  have  an  impulse  length  of  approximately 
500  pm,  which  is  more  realistic  than  current  shock  tests.  However,  since  the  amount  of 
acceleration  applied  to  the  anvil  is  less  than  8000  g’s,  it  would  not  be  very  useful.  The 
oscilloscope  was  cut  off  during  the  baseline  trial,  so  the  true  value  of  the  maximum  acceleration 
could  not  be  determined. 

Like  the  felt,  the  cardboard  used  in  the  shock  experiment  becomes  permanently  deformed. 
However,  the  cardboard  becomes  so  deformed  that  it  is  unusable  after  being  shocked  once.  After 
the  cardboard  is  shocked  it  can  be  recycled.  Also,  it  was  noted  that  the  bungee  cord  came  off 
during  shock  test  5,  which  may  have  caused  some  error  in  the  recorded  data  for  that  experiment. 


5.  Summary  and  Conclusions 


These  shock  tests  showed  the  difficulty  of  creating  an  accurate  simulation  of  a  gun  launch.  The 
acceleration  graphs  show  that  the  reoccurring  pattern  in  these  shock  tests  was  the  more  padding 
on  the  shock  table,  the  longer  the  peak  would  last.  However,  the  peak  of  the  shock  was  limited 
to  how  much  potential  energy  was  put  into  the  system.  Therefore,  it  can  be  hypothesized  that  to 
create  a  higher,  longer-lasting  shock,  more  potential  energy  and  more  padding  should  be  used. 

The  potential  energy  of  the  system  could  be  increased  by  various  methods.  The  maximum  height 
of  the  machine  could  be  increased  to  give  the  system  more  gravitational  energy  and  more  elastic 
potential  energy  from  the  bungee  cord.  Another  option  was  to  increase  the  mass  of  the  anvil 
used  in  the  shock  machine,  which  would  increase  the  gravitational  potential  energy  of  the 
system.  A  bungee  cord  with  a  higher  spring  constant  could  be  put  on  the  machine,  which  would 
increase  the  elastic  potential  energy  of  the  system.  Finally,  the  shock  table  could  be  modified  in 
such  a  way  that  a  second  bungee  cord  could  be  attached  to  the  system  to  increase  the  total  elastic 
potential  energy.  To  take  the  next  step  in  this  research,  the  shock  table  must  be  modified  in  some 
way  to  increase  the  energy  put  into  the  system. 
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